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DoD HFETAG Workload SubTAG Workshop Agenda

27-28 September 1986

Dayton, OH
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3:00-4:30 Workload Index (WINDEX)* B. North
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F. 7. Eggemeier: Workload Metrics for System Evaluation

F. T. Eqgemeier and R. D. 0'Donnell: A Conceptual Framework
for Development of a Workload Assessment Methodology
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Acquisition of Software

Copies of the analysis package for the SWAT, designed for use on an IBM
PC, can be obtained by contacting:

Mr. Gary Reid

AAMRL/HEG

Wright-Patterson AFB, Ch 45433-6573
AV 785-8749, (513)255-8749

Copies of the pencil and paper version or the computer version of the
Bi-Polar Subjective Technique can be obtained by contacting:

Ms. Sandra G. Hart

ATTN: MS 239-3

NASA-Anes Research Center
Moffett Field, CA 94035
AV 359-6072




WORKSHOP OUTLINE

OVERVIEW OF WORKLOAD ASSESSMENT TECHNIQUES
AND METRIC SELECTION CRITERIA

F. Thomas Eggemeier
University of Dayton

Background and Definitions

Major Classes of Empirical Assessment Technigques
-Subjective Techniques
~Performance-Based Techniques
-Primary Task Measures

-Secondary Task Methodology

*}

~Psychophysiological Techniques

Worklcad Metric Selection Criteria
-Sensitivity
-Diagnosticity
-Intrusiveness
-Implamentation Requiresments

-Operator Acceptance

Metric Selection Guidlines
-Type of Question to be Answered

-Practical Constraints
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Workload Metrics for System Evaluation
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PROCEEDINGS OF NATO DEFENSE RESEARCH GROUP PANEL VIII WORKSHOP,
"APPLICATIONS OF SYSTEM ERGONOMICS TO WEAPON SYSTEM DEVELOPMENT"
SHRIVENHAM, ENGLAND, 1984, pp. C-5 - €-20.

WORKLOAD METRICS FOR SYSTEM EVALUATION

F. Thomas Eggemeier
Wright State University
and

Systems Research Laboratories, Inc.
Dayton, Ohio

INTRODUCTION

&‘A wmajor function of human factors engineering throughout the system
development process is to ensure that system demands do not exceed the informatioan
processing capabilities of the human operator. Processing overload is a central
factor leading to breakdowns in operator performance and to the compromises in
system safety and effectiveness that can result from such decrements. Mental
workload 1s the term which refers to that portion of an operator's limited pro-
cessing capacity which is actually required to perform a particular task or system
function. The principal objective of workload assessment is to specify the amount
of expgnded processing capacity so that existing or potential overloads can be
identified and decrements in operator performance avoided.

The use of advanced display and control tg,chmiJgies in modern weapons
systems has been accompanied in many instances by substantial increases in the
monitoring, supervisory, and decision-making demands imposed on the operator.
These heavy demands have markedly 1increased the likelihood of approaching or
actually exceeding operator processing capacity limits. As a consequence, assess-
ment of the mental workload imposed by alternative design options has become par—
ticularly critical throughout the weapon system design process.

T# Because of its critical role in the system development process, workload
assessment has been the subject of considerable research over the past 10 years
(e.g., Moray, 1979). One product of these research efforts has been the develop-
ment and application of a large number of individual workload assessment tech-
niques. A recent coumprehensive review (Wierwille .and Williges, 1978) of the
workload assessment literature, for example, identified 2B different techniques
that had been used to derive measures of load. A substantial number of these
empirical assessment techniques can be classified as belonging to one of three
categories of workload measures: (1) subjective opinion  procedures,
(2) performance-based techniques, and (3) physiclogical techniques.ag.. _

Subjective techniques (e.g., Gartner and Murphy, 1976; Williges and
Wierwille, 1979; Moray, 1982) require that the operator judge and report the

degree c¢f workload experienced during performance of a particular task or systenm
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function. Rating scales are the most frequently used type of subjective measure-
ment technique.

Wierwille, 1979) use some measure of operator behavior or activity as the basis of
a workload index. A number of individual assessment techniques can be categorized
as performance-based measures. So-called primary task techniques (e.g., Rolfe,
1976; Gartner and Murphy, 1976; Williges and Wierwille, 1979) examine some aspect
of the operator's capability to perform the task or system function of interest in
order to provide an estimate of load. Deviations from glideslope by a pilot on
final approach would constitute one such primary task measure. A second type of
performance-based measure which has been frequently used ta assess workload is
secondary task methodology (e.g., Knowles, 1963; Rolfe, 1971; Ogden, Levine, and
Eisner, 1979; Williges and Wierwille, 1979). This approach derives an estimate of
workload from the operator's capability to perform a secondary task concurrently
with the primary task of interest.

Physiological techniques (e.g., O'Donnell, 1979; Wierwille, 1979) reasure
some aspect of the operator's physiological response to task or system demand, and
provide a measure of load based on these responses. A wide variety of physio-
logical wmeasures {e.g., heart rate variability, pupil diameter, event-related
brain potentials) have been used in order to assess workload.

Since a variety of workload assessment procedures are available, an important
decision faced by a system designer involves choice of the technique that best
zeets design requirements. The system development process typically involves a
series of stages which range from conceptual development through operational test

and evaluation of the system. These stages can be characterized by variations in~

\]
W
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Performance-based techniques (e.g., Gartner and Murphy, 1976; Williges and ey
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both the specific questions addressed by workload ceasurement, and in the prac—r=.-

tical constraints that wmust be satisfied by asszssment techniques. These ques-
tions and constraints suggest a number of criteria that should be considered in
choosing a workload measure for application during system development. The pur—
poses of this paper are to outline a set of such criteria, briefly review the
current status of the three classes of empirical techniques as they relate to the
proposed criteria, and suggest some applications for each class of technique
during system development. Some recent work with a subjective assessment pro-
cedure which has the potential for application throughout the system development
process is also discussed.

WORKLOAD METRIC SELECTION CRITERIA

A number of criteria for evaluation of workload metrics have been proposed in
the recent literature (e.g., Gartner and Murphy, 1976; Rolfe, 1976; Ogden et al.,
1979; Williges and Wierwille, 1979; Wickens, 198l; Shingledecker, 1983). Several
of the proposed criteria are particularly relevant for choice of a metric during
system design. These criteria include: (1) sensitivity, (2) diagnosticity,
(3) intrusiveness, (4) implementationn requirements, and (5) operator acceptance.

Sensitivity

Sensitivity refers to the capability of a =zeasure to distinguish different..
levels of load imposed by a task or design option. The degree of sensitivit‘\ @

required in an assessment technique is directly related to the nature of the ques-

tion to be answered by the workload measure. There are a wide variety of specifi-~
design questions (e.g., adequacy of control/display design, allocation
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functions between operators) that can be addressed by workload assessment during

\ system development, Regardless of the specific aspect of the design that 1is
Qth addresged, however, the two basic objectives of workload assessment are to deter-—
mine: (1) 1f an overload that would lead to degraded operator performance

actually exists, or (2) if the potential for such an overload exists. Questions
involving the first objective can be addressed through primary task performance
[. measures, since they are generally assumed to differentiate overload froa nonover-
- load situations (e.g., Knowles, 1963; Cartner and Murphy, 1976; Williges and
K Wierwille, 1979). In other applications, however, a designer wight wish to
evaluate the potential for overload among several design options that yield
adequate operator performance. This objective is relevant when it 18 anticipated
K- that other factors during system operation (e.g., environmental stressors, equip-
. went failures) might contribute additional load that would be sufficient to cause
Wy degraded operator performance. In this instance, even though none of the design
<. options themselves overload the operator, it 1s desirable to identify the option
' that imposes the lowest load and affords the greatest reserve capacity for dealing
with other sources of demand. This type of evaluation would require a workload
measure that was more sensitive to variations in load than primary task measures,
and would suggest the use of other procedures (e.g., subjective, physiological,
secondary task) that are designed to discriminate levels of workload in nonover—
) load situations. Current evidence 1indicates, for example, that both secondary
oy task measures (e.g., Schifflet, Linton, and Spicuzza, 1982) and subjective ratings
of load (e.g., Eggemeier, Crabtree, and LaPointe, 1983) can discriminate differ—
ences in task demand that are not reflected in primary task measures of operator

j performance. The sensitivity criterion is, therefore, an essential counsideration
N in choice of a workload measure, since the degree of sensitivity bears directly on
-, the type of question that can be addressed by a technique.
" .
e
- - Diagnosticity
3 Diagnosticity (Wickens, 198l; Wickens and Derrick, 198l; Shingledecker, 1983)
~ is a second important consideration in choice of a system evaluation metric. This
) criterion is based on the multiple resources theory (e.g., Navon and Gopher, 1979;
Sanders, 1979; Wickens, 1981) explanation of limitations within the human pro-
o cessing system. Essentially, this theory holds that the processing capacity
. expended in task performance is not unitary, but is drawn from multiple sources or
~ pools, each with its own resources that cannot be exchanged with other pools. One
;: version of multiple resources theory (Wickens, 198l) maintains that perceptual and
b central processing stages within the human system draw on one resource pool, while
the response or motor output stage draws from a separate resource pool. Under
L this position, it is possible to overload or fully expend the resources associated
¥ with one source, while not depleting the processing resources of another source.
é For example, the requirement to monitor a display which places heavy demands on
% short-term memory might overload perceptual/central processing resources, while
\f making minimal demands on motor output resources. Other system requirements such
as a final approach in an aircraft would have a different demand composition, and
might require greater expenditures of motor output resources. Diagnosticicy
refers to the capability of a technique to discriminate these differences in the
" load imposed on specific operator resources. .
oy It has been proposed (Wickens, 1981; Wickens and Derrick, 1981) that workload
- measures vary in their degree of diagnosticity. There are data which indicate,
AR for example, that some physiological measures such as pupil diameter (e.g., Beatty
¢ e and Kahneman, 1966; Jiang and Beatty, 1981) and some subjective rating scales
: (e.g., Reid, Shingledecker, and Eggemeler, 198la; Eggemeier, Crabtree, Zingg,
3 Reid, and Shingledecker, 1982; Notestine, 1983; Wierwille and Casalil, 1983a) are
v

S

~

LA 2 S P T AT iy S R R N B R N P I P . R N AL L L I
3PN 77 \ ~ '..\ ATAT T AT T e . AR SN O N T T et e el e




SN e
Sw Y (\.

' 3008,

12

sensitive to perceptual, central processing, and response load manipulations. The
event-related brain potential (Isreal, Chesney, Wickens, and Donchin, 1980;
Isreal,, Wickens, Chesney, Donchin, 1980) and some secondary tasks (e.g., North,
1977; Wickens and Kessel, 1980; Shingledecker, Acton, and Crabtree, 1983), how—
ever, show differential sensitivity to manipulations of perceptual/central pro-
cessing and motor output demands. These data imply that subjective rating scales
and some physiological measures are not particularly diagnostic, and can prove
sensitive to variations in resource expenditure anywhere within the human pro-
cessing system. However, other physioclogical metrics and various secondary tasks
appear to be more diagnostic of specific types of resource or capacity
expenditure.

Such differences 1in diagnosticity suggest that the different types of
measures can play complementary roles during system development. Less diagnostic
measures could serve as screening devices to initially determine if high levels of
loading exist during performance of a task or system function, while more diagnos-
tic procedures could be subsequently used to pinpoint the particular source (e.g.,
perceptual versus motor output) of any such overloads. Choice of an assessment
technique on the basis of the diagnosticity criterion would, therefore, be depend-
ent on the objective to be met by the measure of workload.

Intrusiveness

While the criteria of sensitivity and diagnosticity relate to the nature of
the question that is to be addressed by a workload measure, there are a number of
additional criteria that are suggested by practical constraints imposed on the use
of metrics during the system development process. The characteristic of intru-
siveness (e.g., Gartner and Murphy, 1976; Williges and Wierwille, 1979;
Shingledecker, 1983) is one such criterion, and refers to the tendency for some
metrics to cause degradations in ongoing primary task performance.

Intrusiveness in an assesswent procedure is undersirable on both practical
and theoretical grounds. From a practical perspective, it is clear that any tech-
nique that causes decrements in operator performance can potentially compromise
the safety of system operation. Such compromises are obviously unacceptable,
particularly during the later stages of system development when operational test
and evaluations of prototype or initial production models are conducted. From a
theoretical point of view, intrusiveness can cause problems in the interpretation
of data resulting from application of an assessment technique. These interpreta-
tion problems stem from the assumption that measurement procedures provide a pure
index of the load imposed by the primary task. If primary task performance is
degraded by the introduction of the assessment technique, an unbiased measure of
primary task workload is not possible. Although intrusiveness presents potential
difficulties for all metrics, the interpretation problem can be particularly acute
with secondary task measures (Rolfe, 1971; Ogden et al., 1979) that are intended
to provide a measure of the reserve capacity afforded by the primary task.

Despite its importance, the comparative data base on the degree of intrusion

associated with the various types of metrics is not extensive. Some significant,

steps toward establishing a systematic data base have been undertaken recently
(e.g., Casali and Wierwille, 1982, 1983; Rahimi and Wierwille, 1982;
Shingledecker, Crabtree, and Acton, 1982; Acton, Crabtree, and Shingledecker,
1983; Wierwille and Casali, 1983b; Wierwille and Conner, 1983), but such direct
comparison data are not yet complete. However, some statements regarding the
potential for intrusiveness can be made on the basis of data generated by indi-~
vidual applications of the various techniques.
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f:'u First, it is clear that intrusiveness has represented a major problem in many
KN o applications of secondary task methodology (e.g., Rolfe, 1971; Gartner and Murphy,
Y, 1976; Ogden et al., 1979; Williges and Wierwille, 1979). The problem has led to
. i the development of techniques such as cross-adaptive (e.g., Kelly and Wargo, 1967;
Jex and Clement, 1979) and embedded (Shingledecker, Crabtree, Simons, Courtright,
N and 0'Donnell, 1980; Shingledecker, 1980; Crabtree and Spicuzza, 1981;
,: Shingledecker and Crabtree, 1982) secondary tasks that are designed to minimize or
-‘:‘ control the levels of intrusion. Cross—adaptive procedures permit variations in
) secondary task difficulty as a function of primary task performance. When primary
task performance falls below a specified criterion, secondary task difficulty is
” reduced in order to control the level of intrusion. This type of procedure has
RS been successfully employed in a number of laboratory and simulation studies (Kelly
o and Wargo, 1967; Jex and Clement, 1979) that have utilized primary continuous
0 tracking tasks. Applications of the procedure to discrete tasks in more complex
2 environments have not been accomplished, and could present difficulties due to
; problems in obtaining primary task measures that would permit adaptation of the
-y secondary task. The embedded secondary task approach, on the other hand, was
- developed for application to high fidelity simulation or operational environ-
f: ments. This procedure uses an element already embedded in normal system operation
:: procedures as the secondary task. The elements chosen as secondary tasks (e.g.,
N radio communications) are those that are normally assigned lower priority than the
- primary task (e.g., flight control), thereby minimizing the potential for primary
‘ task intrusion.
0!
.,',: Second, it appears that the intrusion assoclated with most other classes of
- assessment techniques tends to be wminimal. Subjective assessment techniques
‘:: . typlcally present no significant intrusion problem, sir e rating scales and other
by “.\ report procedures are usually completed subsequent to primary task performance.
\ Primary task measures are, by definition, nonintrusive, because their application
! involves no additional operator performance or reports. Physiological procedures
4 also appear to minimize the potential for intrusion, although there are data
\j (Rahimi and Wierwille, 1982) which indicate that these techniques can be associ-
: ated with some intrusion.
The degree of intrusiveness that can be tolerated in an assessment technique
. will vary as a function of the context in which the measure is taken. Some degree
:: of intrusion in 2 simulator or in a crewstation mockup could be less serious, for
e example, than equivalent levels of primary task decrement during actual system
- operation. Choice of an assessment procedure on the basis of intrusiveness would,
° therefore, be determined in part by constraints dictated by the measurement
W situation.
\d
:‘ Implementation Requirements
N.
& The {implementation requirements assoclated with a particular wmeasurement
3 technique constitute a second criterion that i{s heavily influenced by the prac-
[ tical constraints imposed by the system development process. Implementation
f-: requirements are factors that are related to the ease with which a technique can
be applied at different stages of system development and evaluation. Examples .of
;j such factors include: (1) the instrumentation and software that is required to
* record and analyze the measures associated with a technique; (2) any operator
SR training that is necessary for the technique to be properly applied; and (3) sys-
I tem simulation facilities or actual equipment that are required for application of
. T the technique.
>
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Different classes of assessment procedures can vary considerably in their

! instrumentation requirements, as can individual techniques within the same cate-

\ gory. : For instance, subjective opiniun measures usually make use of paper anda?e )

| o
pencil for data recording, while much more stringent implementation requirements *i\

l are typically associated with physiological and some performance-based proce-

i dures. Requirements also vary within categories themselves, Cross—adaptive !

! secondary techniques require more extensive finstrumentation than other secondary ’

: task procedures (e.g., interval production, Shingledecker et al., 1983) which

| require only a means of recording an operator's response. Therefore, when minimal

instrumentation is a primary constraint, the use of subjective measures or certain

secondary task procedures such as the interval production task is suggested.

Operator training requirements also vary with techniques and can be necessary
with both secoadary task and subjective assessmeant procedures. Applications of \
secondary task methodology, for instance, usually require some operator training
in order to stabilize baseline performance on the secondary task before it is
performed concurrently with the primary task. Some subjective procedures (e.g.,
Reid et al., 198la) also include the provision for familiarization with the rating
scales prior to their use. Training requirements associated with the use of both
primary task and physiological measures would be virtually nonexistent in most
cases.

Techniques can also differ in the types of simulation facilities and
operational equipment that are necessary for their application. Such facility
requirements can be particularly restrictive during the early conceptual stage of
system development, when system design {nformation Is very general, and simulation
and mockup facilities are typically not available. Since both performance-based
and physiological techniques require such facilities, their application has been_ ="
usually restricted to later stages (e.g., validatfon, engineering development) ofY,.
the design process when the appropriate devices are present. This constraint on
early use of physfological and performance-based procedures is one factor that has
led to the development and application of analytical time—~line techaiques (e.g.,
Zipoy, Premselaar, Gargett, Belyea, and Hall, 1970; Parks, 1979; Geer, 198l) and
several stamulation models (e.g., Linton, Jahns, and Chatelier, 1977; Lane, Striebd,
and Wherry, 1977; Lane, Strieb, Glenn, and Wherry, 198l1; Chubb, 198l) that are
capable of addressing workload assessment 1issues during earlier stages of -
design. Traditional applications of subjective metrics also require the avail- )
ability of mockups, simulators, or operational equipment. However, a recent c
application (Quinn, Jauver, and Summers, 1982) demonstrated the projective use of a -
subjective metric by requiring experienced pilots to rate the expected load i
associated with several proposed cockpit enhancements. The projective ratings /
were based on detailed descriptions of mission profiles and control/display N
options, and were intended to provide workload estimates that could be coumbined .
with other factors (e.g., cost) to initially screen design options for further
evaluation. Although the results must be validated, the Quinn et al. study
provides a methodology with the potential to permit application of subjective .
procedures during the earlier stages of development when performance-based and

PRI A

w5 _e_a_ =

physiological techniques are not practicable. N
~

Taken together, implementation requirements can therefore impose important o
constraints on the use of the various classes of assessment techniques during the .

development process. Instrumentation and facility requirements are typically more

stringent with performance-based and physiological techniques than with subjective s

procedures, suggesting the use of the latter for certain situations. ;t;c iy
T,
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Operator Acceptance

The characteristic of operator acceptance i{s important to ensure that an
assessment technique will yield data that are representative of the load imposed
by the task or system function in question. Assessment procedures which are per—
ceived by operators as bothersome or artificial incur the risk of being ignored,
performed at substandard levels, or being associated with significant levels of
primary task intrusion. Any of these factors can lead to compromises in the
effectiveness of a technique.

In spite of the potential {mportance of operator acceptance, there are little
or no formal comparative data which are available to address operator reaction to
the major classes of techaniques. Although some investigators (e.g., Hallsten and
Borg, 1975) have commented on operator acceptance of a number of procedures, the
data are not sufficient to address the issue in a comprehensive manner. Informal
data and knowledge of the procedures involved in application of the techniques
can, however, be used to provide some estimates of acceptance. Informal evidence,
for example, suggests that subjective procedures usually enjoy a high degree of
user acceptance, quite possibly because of the high face validicy associated with
many current rating scales (e.g., Cooper and Harper, 1969; Reid et al., 198la).
Operator acceptance should also be quite good for primary task measures, since
they do not typically involve any additional operator respoanse or effort. Physio-
logical techniques would have some potential for low acceptance if the recording
instruments used are considered bothersome by the operator, but this does not
appear to have been a significant problem with most techniques. Secondary task
methods could also be considered distracting by the operator if the requirement to
perform the secondary task interferes with primary task performance. The embedded
secondary task technique (Shingledecker et al., 1380) which utilizes a secondary
task that 1is normally performed in the operational environment should, however,
minimize this risk.

APPLICATION GUIDELINES

It 1is obvious from the foregoing discussion that no single assessment
technique is capable of meeting all of the criteria outlined above. The various
categories of techniques are characterized by the capability to satisfy some
criteria, but not others. Criteria vary in their importance as a function of the
different stages of design, and consequently, techniques vary in their applicabil-
ity. It is therefore clear that assessment of workload across the various phases
of the desiga process will require the complementary use of multiple metrics,
since no single metric is capable of providing all of the required information.

The capability of individual assessment procedures to meet the various
criteria can provide some guidance regarding their use for specific purposes at
differeat stages of design. Table | summarizes the current status of the proce-
dures with respect to the proposed criteria, and can.be used as a basis to suggest
particular applications for each class of techanique.

An favestigator requiring a nonintrusive general measure of load in-an
operational environment with restricted data recording capabillities should, for
example, consider the application of subjective wmetrics. On the other hand,
primary task measures might be considered for application in a high fidelircy
simulator with performance measurement capability when the objective was to
evaluate the adequacy of operator performance with a particular design option.
The use of secondary task met7'dology or an appropriate physiological technique in
a system simulator would be s i3gested if the intent was to isolate the source of
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an overload that had been previously identified through use of a subjective or
primary -task metric. The potential applications for each class of metric are
clearly much more extensive than those suggested by these hypothetical situa-
tions. The examples do, however, illustrate how the proposed criteria can be
applied to identify the class(es) of techniques that might be most appropriate for
a particular application.

%.

In many instances, use of the proposed criteria will result in simultaneous
application of more than one technique. Applications of secondary task method-
ology, for example, require the measurement of primary task performance in order
to evaluate the degree of any intrusion that might have occurred. In other
instances, the objectives of an evaluation might also suggest the concurrent use
of more than one metric. For example, a comprehensive evaluation of two display
options might include the use of both primary task and subjective measures. The
primary task measure would permit assessment of any differences in the adequacy of
task performance that could be expected with the options, while the subjective
technique would provide the potential to identify aany workload differences between
the options that were not reflected in the less sensitive performance measure.

The preceding review and discussion of metrics has been primarily coancerned
with classes of workload assessment techniques in general. It is clear froa the
foregoing discussion, for example, that the general category of subjective metrics
holds a great deal of potential for use during system design. Once a class of
technique has been identified as appropriate, however, an individual procedure or
measure from within the category must be chosen for actual application. 1Indi-
vidual procedures themselves can also vary along a number of dimensfions that can

. impact their suitability for use. The purpose of the following discussion 1is to

"’, briefly review some recent work with an individual subjective assessment technique
that appears to be particularly well suited for a number of applications through-
out the system development process.

SUBJECTIVE WORKLOAD ASSESSMENT

Subjective workload measurement procedures satisfy a number of the criteria
outlined above and, as a consequence, have been very frequently employed as work-
load assessment techniques (e.g., Williges and Wierwille, 1979). Despite their
advantages, there are several problems which have been traditionally associated
with use of subjective workload metrics. First, in many applications, individual
rating scales have been developed for a specific investigation and have not been
validated for generalized use. Second, there is little evidence in the literature
of workload rating scales that have been rigorously developed on the basis of
psychometric procedures (e.g., Williges and Wierwille, 1979). As a consequence,
most available rating scales have unknown metric properties, and must be assumed
to provide only ordinal level measurement.

In order to provide a workload rating scale with known metric properties and
with the potential for generalized applicability, a procedure termed the Subjec-
tive Workload Assessment Technique (SWAT) has been developed (Reid et al., 198la;
Reid, Shingledecker, Nygren, and Eggemeier, 1981b; Reid, Eggemeier, and
Shingledecker, 1982). In SWAT, it is assumed that there are three major contribu-
tors to subjective mental load: (1) time 1load, (2) mental effort load, and

"_: (3) psychological stress load. Time load refers to the percentage of time that an
N operator is busy, and reflects such factors as overlap and 1interruption among

tasks. Mental effort load, on the other hand, refers to the degree of attention

or concentr:-ion required during task performance. The final dimension, psycho-
logical st-:ss load, reflects any additional factors that csuse operator anxiety 1
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or confusion and, therefore, contribute to subjective mental load. 1In SWAT, each
of the three dimensions is represented by an individual three-point rating scale
with verbal descriptors that define the levels on each dimension.

- -

SWAT {s based on application of conjoint measurement and scaling (e.g., ™
‘ Nygren, 1982), Conjoint measurement and scaling permit ratings on the three
| dimensions to be combined into one overall scale of workload with interval meas-
l urement properties. In order to identify the rule which is appropriate for com
| bining the three dimensions into the overall interval scale, a scale development
' phase is completed. During this phase, subjects rank-order the subjective load ]
associated with the 27 possible combinations that result from the three levels of !
time, mental effort, and psychological stress load. This rank-ordering informa-
tion is subjected to a series of axiom tests to identify the rule for combining
the three dimensions. When the rule has been established, conjoint scaling 1is
applied to derive the overall scale of workload. Subsequent to the scale develop-
ment phase, subjects participate in an event scoring phase. During event scoring,
subjects perform the task or mission segment of interest and rate the time, mental by
effort, and stress load associated with performance. The ratings on the indi-
vidual dimensions are then converted to one of the 27 points on the interval scale
that was derived during scale development. More extensive discussions of the
scale development and event scoring procedures can be found in Reid et al.
(198la,b), and Reid, Eggemeier, and Nygrea (1982).

One aspect of the work conducted during the development of SWAT has centered
on establishing its capability to reflect workload differences in a number of
different types of tasks in several environments that are representative of those
found during system development. SWAT has been successfully applied in a number
of laboratory or part—-task simulation environments (e.g., Reid et al., 198la;
Eggemeier et al., 1982, 1983; Notestine, 1983); in several full mission simulators
(e.g., Reid, Eggemeier, and Shingledecker, 1984; Skelly, Reid, and Wilson, 1983); @
and under conditions that are similar to the early stages of system development
when workload estimates must be based on detailed mission scenarios and descrip-
tions of system equipment capabilities (Quinn et al., 1982).

£ O

Figure 1 {llustrates the results of two applications of SWAT in laboratory/ N
part-task simulation environments. Panel A (Reid et al., 198la) shows the results
of an experiment which employed several levels of a simulated flight coatrol .
(critical tracking, Jex and Clement, 1979) task and a secondary simulated aircrew -
radio communications task (Shingledecker et al., 1980). Significant differences
in SWAT ratings were obtained in the communication task alone condition versus the
more difficult dual task condition. SWAT ratings also successfully discriminated p
levels of difficulty in both the simulated flight control and radio communications
tasks. Panel B (Eggemeier et al., 198]) illustrates the effects on SWAT ratings "
of wvariations in the rate of stimulus presentation in a sequential short-tera
memory task. Subjects in the experiment were required to wonitor a visual display
and update the status of four categories of information that changed at several |
rates. The memory task was intended to be representative of the demands placed on \
air traffic controllers while monitoring flight comtrol displays. SWAT ratings
successfully discriminated levels of difficulty io the memory task, even though a
primary task measure of performance errors shoved no significant differences
between conditions.

T

Several recent experiments also support the applicability of SWAT to full
mission simulacion environments. SWAT ratings have proven sensitive to expected
workload variations f{n high fidelicy flight simulation evaluations of advanced-7-:

control/display options in both fighter (Reid et al., 1984) and bomber (Skelly el
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Figure 1, Mean SWAT Ratings as a Function of Task Difficulty in Two Experiments.
[Panel A {llustrates the effects of simple and complex radio communica-
tions on SWAT ratings in both single and dual task conditions (Figure
drawn from the data of Reid et al., 198la). Panel B shows the effect
of stimulus presentation rate manipulations in a sequential short-term
memory task (Figure adapted from Eggemeier et al., 1983).]
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et al., 1984) afrcraft. Reid et al., for example, obtained significant differ=-
ences in pilot SWAT ratings as a function of variations in the number of opponents
during ,a fighter mission. SWAT ratings in the Skelly et al. study also showed
differences that were logically defensible and consistent with expectations.
Pilot ratings, for instance, were generally higher than copilot ratings, except
for a number of segments in which the copilot was flying the aircraft. Segments
of simulated mission which included various types of threats to the aircraft were
rated higher than baseline segments that did not include such threats. 1In both
applications, pilot acceptance of the rating procedure was very high, and ian both
instances, SWAT ratings were taken with minimal intrusion by having the pilot
verbally report ratings after completion of a mission segment to an experimenter
stationed outside the cockpitc.

The Quinn et al. (1982) experiment that was briefly discussed earlier also
utilized the SWAT methodology in a novel application of the technique. The pur—
pose of the Quinn et al. study was to evaluate a variety of methods for enhancing
fighter aircraft systems, including advanced display, control, and navigational
concepts. A methodology was devised to comparatively evaluate the enhancements
along a number of dimensions prior to prototype development, and SWAT was included
to quantify predicted effects on pilot workload. A number of experienced fighter
pilots were provided with a wmission scenario and detailed descriptions of an
advanced baseline version of the aircraft and several enhancements. On the basis
of the information, the pilots provided mission SWAT ratings for the various ver—
sions of the baseline system that included several combinations of enhancements.
The interval level data that are obtained from the SWAT procedure permitted use of
the resulting workload ratings in a multiattribute utility analysis with other
factors (cost, system performance) to permit selection of several options for
further research. Although it is clear that the results of the projective SWAT

ratings must be validated, the methodology employed by Quinn et al. is significant .-,
in that it demonstrates the feasibility of obtalaning SWAT ratings on the basis of g_v

detailed mission and equipment information. Use of the technique in this wmanner
includes obvious time and cost advantages and, as noted previously, demonstrates
the potential for application of SWAT during the earlier stages of system design.

Taken together, the results of current work with the SWAT technique clearly
support its sensitivity to a variety of tasks that are relevant to system opera-
tion. The available evidence also indicates that SWAT has a very high potential
for applicability across several stages of design. These data, coupled with the
advantages of the interval level measurement afforded by the technique, strongly
support the utility of the SWAT metric for evaluation of workload during the sys-
tem development process.

SUMMARY AND CONCLUSIONS

Application of the proposed criteria to the major categories of workload
assessment techniques indicates that a battery of performance-based, subjective,
and physiological metrics will be required to meet the varied needs for workload
measurement that arise during the system development process. In many instances,
the capabilities of one technique supplement those of another procedure, sug-
gesting the complementary use of the various metrics at different stages of
design. Among the classes of assessment procedures reviewed above, subjective
techniques appear to have the greatest potential for application across the vari-
ous phases of the design process, and the SWAT technique 1is omne such procedure
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Although current information is sufficient to suggest some applications for
the various categories of techniques, more extensive data are needed to refine
) proceuures for choice of a metric for particular applications. For example, wore
;h’ complete comparative data on the relative sensitivity and intrusiveness that can
be expected from individual techniques from within particular categories (e.g.,
secondary task) of procedures represent a need in this area, As was noted
previously, several such efforts have been recently wundertaken (e.g.,
Shingledecker et al., 1983; Wierwille and Casali, 1983b), and the results should
provide a more refined basis for choice of metric for particular applications. An
additional area requiring further experimentation deals with the extension of cur—
rent classes of metrics to the earlier and later stages of the design process.
Implementation requirements have somewhat limited the applicability of secondary
task and physiological metrics in the early and latter stages of system design,
and more work is required to evaluate the application of these techniques beyond
the laboratory and simulation environments. Some of this type of work (e.g.,
Schifflet et al., 1982) has been conducted, but additional efforts are required.
Further evaluation and extension of the Quinn et al. (1982) procedure for applica-
tion of subjective metrics during the early stages of design should also be
pursued in order to supplement available analytic and modeling procedures that
provide the curreat capability for workload assessment during this phase of the
development process.
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. ABSTRACT
>
L4
“f . Based on a review of the current literature, a conceptual framework which
- (;! incorporates major elements related to operator workload has been devel-
4 oped. The framework treats workload as a multidimensional construct with
_f important physiological, subjective, and behavioral components. An impor-
'ﬁ tant implication of the framework is that, at present, a comprehensive
workload assessment methodology should include a number of measures,
:: including subjective, physiological, and performance-based metrics.
.:
! INTRODUCTION
E. A primary concern of human factors engineering during system development
N and evaluation is to assure that the performance demands imposed by a
LY system do not exceed the human operator's capacity to process informa-
v tion. Mental workoad is the term which has been used in referring to the
VA degree or percentage of the operator's information processing capacity
:, which is expended in meeting system demands. The growing complexity of
K modern systems and associated increases in workload have increased the
; likelihood of exceeding or approaching the limitations of an operator's
'E :EkH' processing capacity. As a consequence, the need for reliable and sensitive
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methdds of assessing the workload imposed by alternative design options has o
assumed increased importance in recent years. M

In order to address the need for viable workload metrics, a large number of
individual measurement techniques have been developed and documented in a
number of reviews (e.g., Gartner and Murphy, 1976; Williges and Wierwille,

(anc

1979; Moray, 1982). Williges and Wierwille (1979), for example, identified 5
28 specific workload assessment techniques which have been proposed in the N
recent literature. Despite the fact that there are numerous individual X
techniques, most workload measures can generally be classified as belonging
to one of the three major categories: ﬁ
1. Subjective measures, such as rating scales, which require the 3
operator to rate or somehow characterize the subjective workload 5
associated with performance of a particular task or with a system "

design option.

S F 7

2. Psychophysiological measures, such as heart rate variability, e
which derive an index of workload from some aspect of the opera-

Cn M

tor's physiological response to task or system demands.

a " &

P o

3. Performance-based measures, such as secondary task methodology,
which use some aspect of the operator's capability to perform )
within the system as a measure of workload.

A11 three classes of measures have been used extensively during the past
10 years with varying degrees of success. Given the large number of mea-
sures, a major issue in developing a workload assessment methodology is
choosing those measures that should be incorporated into the methodology.
Unfortunately, although there is considerable agreement in the literature
regarding the importance of workload, there has not been substantial agree- N
ment concerning the most appropriate means by which to assess it. Much of :i
the failure to agree on the appropriate assessment technique stems from the

fact that workload is a multidimensional concept (e.g., Johannsen, Moray,

Pew, Rasmussen, Sanders, and Wickens, 1979; Sanders, 1979; Williges and Y
Wierwille, 1979; Sheridan and Simpson, 1979; White, 1971) which has been '
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used in referring to several different aspects of system or task demand,
operator effort and information processing capacities, operator
performance, and systems performance (e.g., Sheridan and Stassen, 1979).

In order to provide a means for organizing the numerous factors associated
with workload, a general conceptual framework which addresses major ele-
ments of the workload construct has been developed. The major objective in
assembling the framework was to help guide the development of a comprehen-
sive workload assessment methodology which would tap essential elements of
the workload construct. The framework is largely based on current con-
ceptualizations of workload and theories regarding the nature of capacity
limitations within the human information processing system. The purpose of
this paper is to provide an overview of the conceptual framework and to
discuss implications of the framework for workload assessment.

CONCEPTUAL FRAMEWORK FOR WORKLOAD

Despite the diversity in emphasis among various approaches to workload,
three general elements which represent major factors in most current
theoretical treatments can be identified. These general elements include:

1. Some characterization of the demands placed on the operator by
the system or task.

2. Some expression of the capacity or effort expenditure required by
the operator to deal with the demands.

3. The level of operator performance that results from the inter-
action of task demands and capacity/effort expenditure.

Figure 1 111ustrate§ these major elements and their interrelationship at a 1
very general level.
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Insert Figure 1 here

As indicated in Figure 1, system demands are imposed on the operator and
must be related to or mapped onto the operator's processing capacity or N
resources. Depending upon the efficiency of the operator in mapping

demands onto available capacities and the degree of effort expended by the N
operator, a particular level of performance results. Effort is intended to
represent a construct similar to that described by Kahneman (1973) and by
Jahns (1973), and represents a nonspecific input which is required to K
activate information processing structures. Most conceptualizations of 3
workload include each of these elements, and a variety of workload assess- r
ment procedures have been developed to evaluate aspects of each element.

Several current models and theoretical statements concerning workload

(e.g., Jahns, 1973; Welford, 1978; Sanders, 1979; Sheridan and Simpson, 'étn
1979; Johannsen et al., 1979) treat major elements outlined in Figure 1 in '
more detail. These models and statements generally maintain that workload

is clearly a multidimensional construct that reflects the interaction of )
such elements as task and system demands, operator processing capacities

and effort, subjective performance criteria, operator information pro- -
cessing strategies, and operator training or experience. -

In addition to suggesting that workload itself is multidimensional, a D
number of investigators have also maintained that several elements of pY
workload depicted in Figure 1 are themselves multidimensional.

Jahns (1973), for instance, categorized sources of input load or system ‘
demand into three classes: (1) environmental, (2) situational, and .
(3) procedural. Environmental demands included factors such as tempera- :
ture, humidity, noise, and acceleration which can serve as sources of load ",
for an operator. Demands that were characterized as situational were \
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8333 composed of elements such as display and control characteristics, display-
control arrangement, vehicle dynamics, and crewstation volume. These types ‘
of demand reflect traditional human factors engineering concerns, and play
a central role in determining the overall level of input load experienced !
by an operator. Finally, procedural demands included elements such as )
mission or task duration, standard system operating procedures, the mission
itself, and briefings/instructions given to the operator. Jahns does not
specify how the various sources of demand combine to determine overall
levels of load, but it is clear that input load is cbnsidered to be
multidimensional and is described as a vector rather than a scalar
quantity.

A similar conclusion has been reached by Johannsen et al. (1979) with
respect to the concept of effort (Kahneman, 1973; Jahns, 1973). Johannsen
et al. (1979) pointed out that the notion of effort is extremely complex ’
and can be interpreted in several different ways. One sense of effort
4 jdentified by Johannsen et al. is related to the physiological activation

"[; as measured by a number of indices (e.g., muscle tension, respiration rate) K
that occurs when an operator is exposed to progressive increases in mental
load. A second related sense of effort is the subjective feeling experi- N
enced by an operator under a high 1oad condition. Johannsen et al. assume :
that such feelings represent the products of muscular tension and changes
in physiological variables such as blood pressure and heart rate. It is
noted that an operator may actually feel loaded and effortful despite the
fact that there is no change in the adequacy of performance. This can be
explained by assuming that increases in task difficulty lead to a period
during which the operator is working harder in order to preclude perform-
ance decrements. The clear implication is that effort has both physio- \
logical and subjective dimensions, each of which may reflect increases in :
load prior to any actual decrements in operator performance. L

Operator processing capacity which is depicted in Figure 1 has also been .
characterized as multidimensional in some recent descriptions of the infor-
-~ mation processing system. This position assumes that the information

processing system may be described as a series of internal processing
structures, each with its own processing capacity or resources which are r
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not exchangeable with any other structure. Current theoretical positions Ciés t‘
thdt are consistent with this model are the multiple resources or
structure-specific resource models of processing capacity (e.g., Wickens, ;f
1979, 1981; Navon and Gopher, 1979; Sanders, 1979; North, 1977; Kantowitz :1
and Knight, 1976). According to this theory, a considerable amount of R
capacity may remain unused in responding to a particular task's demands, f
because ony a limited number of processing structures may be involved in .
that response. An important consequence of this position identified by -
Sanders (1979), Wickens (1979), and Gopher (1978), is that mental load ;
cannot be conceptualized as a single dimension; and ultimately, a task may 9
have to be described in terms of multidimensional patterns of mental =
load. A central question in workload specification becomes one of ;E
determining the extent to which various processing resources are involved K,
in a task which, in turn, specifies the pattern of mental load. Several f
theorists (e.g., North, 1977; Sanders, 1979) have suggested candidate ;
dimensions of resources that could be used in describing the resource i;
demand composition of a task. The most comprehensive position, however, is L EE
that of Wickens (1931) who, on the basis of available evidence, has L 2
jdentified three primary dichotomous dimensions that appear to define >
separate resources. These dimensions include: Ei!
S
1. Stages of information processing (perceptual/central processing .b
operations versus response selection and execution). ;j
<
2. Modalities of perception {auditory versus visual). ;f
3. Codes of information processing and response (spatial-manual fi‘
versus verbal-vocal). :§~
N
Under the system proposed by Wickens, an adequate description of the load i',
imposed by a task should include specification of .its demand composition on gf
each of the three dimensions. The implication of the multiple resources :E'
theory is clear: the capacity to process information is multidimensional &J
and characterizations of the load imposed by a task should reflect that . =
multidimensionality. E: -E
;N
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Tﬁe general conceptual framework outlined previously can now be modified to
be more descriptive of elements related to workload. Figure 2 illustrates
the modified conceptual framework. In the modified framework, workload and
operator performance continue to represent the product of an interaction of
several factors. In accordance with Jahns' position, system demands are
represented as multidimensional, including the classes of environmental,
situational, and procedural load. Ef?ort is also conceptualized as
reflecting several dimensions, including strong physiological and subjec-
tive components. Likewise, operator processing resources have been revised
to reflect several of the dimensions represented in the multiple resources
view of the information processing system.

Insert Figure 2 here

The major conclusion that follows from the present framework is that work-
load, as currently conceptualized, represents a multidimensional construct
that includes important physiological, subjective, and behavioral com-
ponents. The multidimensionality is reflected not only in the interaction
of several elements to determine levels of load, but also in the multi-
dimensionality of several elements themselves. The multidimensional nature
of the framework has important implications for workload assessment, and
these are discussed in the next section.

IMPLICATIONS OF THE CONCEPTUAL FRAMEWORK FOR WORKLOAD ASSESSMENT

A major implication of the current framework is that no single measurement
technique will provide a comprehensive means for assessment of load. Since
current theory generally maintains that there are important physiological,
subjective, and behavioral components of load, a comprehensive approach to
assessment of workload should include physiological, subjective, and
behavioral or performance-based measures. At present, it is not clear how
such measures might ultimately be combined to provide a multidimensional
index of load, but it should be clear from the foregoing discussion that
subjective and physiological measures can potentially provide information
not afforded by performance-based measures, and vice versa. Therefore, it
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appears that the most viable approach to comprehensive workload assessment 8£Es
would be a battery of measures, including subjective, physiological, and =
performance-based components which could be applied to derive indices of

several components of load. Similar conclusions have been drawn recently

by several others. Johannsen et al. (1979), for example, concluded that

workload contains behavioral, performance, physiological, and subjective
components and indicated that appropriate measures would be required for

each component. Williges and Wierwille (1979), in their review of

behavioral workload assessment procedures, maintain that due to the multi-
dimensionality of workload, it appears unlikely that any single measure

will be completely sufficient for characterizing load. Williges and

Aierwille conclude that multiple measures, includng dimensions of subjec-

tive opinifon, spare mental capacity, primary tasks, and physiological

correlates need to be considered. Similarly, Jahns (1973) noted that

because of the complex interactions involved in determining levels of

operator effort, a broad spectrum of measurement techniques for operator

workload need to be investigated. White (1971) also indicated that work-

Toad is multidimensional and, at present, cannot be defined adequately in ;"
terms of any single measure. o

Further support for the necessity of considering multiple measures of load
comes from the fact that when several measures of workload are applied in a
situation, they commonly exhibit some degree of dissociation (e.g., Borg,
1978; Hicks and Wierwille, 1979; Dornic and Andersson, 1980; Wickens and
Derrick, 1981; and Moray, 1982). This type of result can, of course, be
interpreted within the multidimensional workload framework outlined above,
since different measurement techniques can be assumed to be maximally
sensitive to different dimensions of 1oad. Wickens and Derrick (1981), for
instance, have noted that a lack of correspondence among workload measures
can be attributed to the multidimensional nature of information processing
resources that are assumed to underlie performance and workload. Based on
the results of several experiments in which dissociation occurred between

physiological, primary task, subjective, and secondary task measu-es,

Wickens and Derrick proposed that some measures may be considered more
generally sensitive to overall levels of demand for resources anywhere RO
within the information processing system, while others are more diagnostic
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in the sense of specifically reflecting demands imposed on particular
resources (e.g., percpetual versus motor output) within the processing
system. It was suggested that some physiological measures such as heart
rate variability might be sensitive to the total demand placed on all
resources of the system, even if the demand was imposed such that no single
resource was overloaded and no performance decrement occurred. Subjectve
measures were also viewed as generally sensitive to demands imposed any-
where in the system, while secondary task measures were thought to be more
diagnostic in providing information regarding the specific resources
demanded by a task. A

Wickens and Derrick concluded that since individual measures might provide
different types of information about load, choice of measure mignt be
dictated in part by the purpose of taking the measu~e. If the total load
imposed by a task or system were to be assessed, some physiological or
subjective techniques might be used in conjunction with primary task per-
formance measures. However, if the specific locus of an overload (e.g.,
central processing versus response execution) were to be identified in
order to provide more diagnostic information to a human factors engineer,
then secondary task methodology might be the more appropriate choice. Note
that in this type of scheme, several measurement techniques could be used
in a complementary fashion, with some subjective or physiological measures
providing an initial index of overall task or system workload, and secon-
dary tasks or other physiological measures (e.g., evoked cortical
potential) being used subsequently to develop more precise information
regarding the locus of specific overloads.

The clear implication that follows from the conceptual framework and from
the noted dissociation of workload measures is that, at present, a compre-
hensive workload assessment methodology will require physiological, subjec-
tive, and performance-based measurement techniqués. The major goals for
research in the workload metric development area suggested by the framework
are to: [1] initially identify the most sensitive measure(s) within each
category of assessment technique; and [2] conduct a systematic comparison
of the information provided by each category of assessment technique so
that optimal combination(s) of measures required for a comprehensive work-

load assessment methodology can yltimately be established.
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SESSION 1. SUBJECTIVE TECHNIQUES

Presenters
G. Reid: Subjective Workload Assessment Technique (SWAT)

S. Hart: Bi-Polar Subjective Technique
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Subjective Workload Assessment Technique (SWAT)
by G. Reid

SWHAT CARD SCRT INSTRUCTICNS FCR SUBJECTS

During the course of this experiment, you will be asked to quantify the mental
workload required to complete the tasks you will be performing. Mental
Workload refers to how hard you work to accomplish some task, groups of tasks,
or an entire job. The workload imposed on ycu at any one time consists of a
combination of various dimensions which contribute to the subjective feeling
of workload. The Subjective Workload Assessment Technique (SWAT) defines
these "dimensions as 1) Time Load, 2) Mental Effort Load, and 3) Psychological
Stress Lcad.

For the purpose of SWAT, the three dimensicns have been assigned three levels.
The dimensions and their levels are described in the following paragraphs.

TIME LOAD

Time load refers to the fraction of the total time that ycu are busy. When
time load is low, sufficient time is available to complete all of your mental
work with some time to spare. As time load increases, spare time drops out
and some aspects of performance overlap and interrupt one another. Tnis
cverlap and interruption can come from performing more than one task or from
different aspects of performing the same task, At higher levels of time lcad,
several aspects of perfcrmance often occur simultaneously, you are busy, and
interruptions are very freguent .

Time load may be rated on the three point scale below.

(1) Often have spare time. Interruptions or overlap among activities occur
infreguently or not at all.

(2) Occasionally have spare time. Interruptions or cverlap among
activities occur freguently.

(3) Almost never have spare tine. Interruptions or overlap among
activities are very frequent, or occur all the time.

HENTAL EFFORT LOAD

s described above time load refers to the amount of time cne has available
to rerform a task or tasks. In contrast, mental effort lcad is an index of
the amount of attention or mental effort required by a task regardless of
the number cf tasks to be performed or any time limitations, When mental
effort load is low, the concentration and attention required by a task is
minimal and performance is nearly automatic. As the demand for mental
effort increases, cue to task complexity or the amount cf information which
must be dealt with in order to perform adequately, the degree of
concentration and attention required increases., High mental effort load
demands total attention or concentration due to task complexity or the
zmount of information that must be processed.

Pl Tl D et Sy

o Mentzl effort load mey be rated using the three point scale below.

‘ (1) Very little conscious mental effort or concentration required.
Activity is almost automatic, requiring little or no attention.
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(2) Moderate consciocus mental effort cr concentration required. Complexity At
of activity is moderately high due to uncertainty, unpredictability, or :
unfamiliarity. Considerable attention required.

(3) Extensive mental effort and ccncentration are necessary., Very complex 7
activity requiring total attention. &

PSYCHOLOGICAL STRESS LOAD

Stress load refers to the contribution to total workload of any concditions
that produce anxiety, frustration or confusion while performing a task cr
tasks. At low levels of stress, one feels relatively relaxed. As stress
increases, confusion, anxiety or frustration increase and greater
concentration and determination are reguired to maintain control of the
situation.

Psychological streés load may be rated on the three point scale below.

RIS

(1) Little confusion, risk, frustration, or anxiety exists and can be
easily accommodated.

(2) Moderate stress due to confusion, frustration, or anxiety noticeably
adds to workload. Significant compensation is reguired to maintain
adeguate perfcrmance.

(3) High to very intense stress cdue to confusion,. frustration, or anxiety.

: High to extreme determination and self-control reguired.

»
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Each of the three dimensons just described contribute to workload during v ")
performance of a task or group of tasks. Note that although all three -
factors may be correlated, they need not be. For example, one can have many K
tasks to perform in the time available (high time load) but the tasks may o
require little concentration (low mental effort.) Likewise, one can be ;

anxious and frustrated (high stress) and have plenty of spare time between .
relatively simple tasks. Since the three dimensons contributing to workload S
are not nececsarily correlated, please treat each dimension individually and
give independent assessments of the time load, mental effort load, and .
stress load that you experience in performing the following tasks. -

One of the most important features of SWAT is its unigue scoring system.
SWAT uses a procedure to find separate scoring weights for each level of a
dimensions. Then, it determines a distinctive workload scale for each
person. This scaling system greatly improves the precision of the workload
ratings you will give later,

L A

In order to develop your individual scale, we need information from you
recerding the amount of workload you feel is imposed by various combinatiors
of the dimensions described above. We get this information by havirng ycu rank
order the workload associated with each of the combinations.

In order for you to rank order the workload for each of the combinations, %
you have been given a set of 27 cards with the combinations from each of the

three dimensicns. Each card contains a different combination of levels of o~ 3
Time Load, Mental Effort, and Psychological Stress. Your job is to sort the ;
cards so that they are rank ordered according to the level of workload -~
represented on cach. Ny
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In completing your card sorts, please consider the workload imposed on a
rerson by the combination represented in each card Arrange the carcds from
the lowest worklcad condition throuch the highest condition. You may use
any strategy you choose in rank orcdering the cards. One strategy that
proves useful is to arrange the cards into a numker of preliminary stacks
representing "High", "Moderate", and "Low" workload. 1Individual cards can
be exchanged between stacks, if necessary, and then rank ordered within
stacks. Stacks can then be recombined and checked to ke sure that they
represent yocur ranking of lowest to highest workload. However, the choice
of strategy is up to you and you should choose the one that works best for
you.

There is no "school solution” to this problem. There is no correct order.
The correct order is what, in your judgment best cdescribes the progression
of workload from lowest to highest for a general case rather than any
specific event. That judgment differs for each of us. The letters you see
on the back of the cards are to allow us to arrange the cards in a
previously randomized sequence so that everyone gets the same order. If you
examine your deck ycu will see the order cn the kack runs from & through 2
and then ZZ.

Please remember:
1) The card sort is being done so a worklcad scale may be develored for you.

This scale will have a distinct workload value for each possible
combinations of Time Lcad, Mental Effort Load and Psychological Stress

L.oad.
Time Effort Stress tiorkload Scale
0
1 1 1
3 3 3 100
2) When performing the card sorts, use the descriptors printed on the

cards. Pleacse remember not to sort the cards based on a particuler task
(such as flying an airplane). Sort the cards according to vour general
view of workload and hcow important vou consicer the dimensions cf time,
mental effort, and psychological stress lcad to be.

3} During the actual experiment, you will accomplish the desired task. Then,
you will provide a SWAT score based on your opinion of the mental workload
required to perform the task. This SWAT score will consist of cne number
from each of the three dimensions.

W W R W WAL i B

LIS PR VL] LI P » AL N I N T R P L PR R D T T T I O e
B T O G T o e G A A R e R O (s G R VR RS




58

For example, a possible SWAT score is 1 - 2 - 2. This represents a 1 for e
Time Load, a 2 for Mental Effort Load, and a 2 for Psychological Stress ey
Load.

We are not asking for your preference concerning Time, Mental Effort and
Psychological Stress Load. Some people may prefer to be "busy" rather
than "idle" in either the Time Load, Mental Effort load, or Psychological
Stress Load dimension. We are not concerned with this preference. We
need information on how the three dimensicns and the three levels of each
one will affect the level of workload as you see it. You may prefer a
2 ~ 2 - 2 situation instead of al - 1 - 1 situation. But, you should
still realize that the 1 - 1 - 1 situation imposes less workload on you
and leaves a greater reserve capacity.

From this point until you have completed the sorting will probably take
30 minutes to an hour.

Please feel free to ask questions at any time. Thank ycu for yocur
cooperation,
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Almost never have spare time. Interruptions or overlap
among activities are very frequent, or occur all the time.

Moderate conscious mental effort or concentration
required. Complexity of activity is moderately high due to
uncertainty, unpredictability, or unfamiliarity.
Considerable attention required.

Moderate stress due to confusion, frustration, or anxiety
noticably adds to workload. Significant compensation is
required to maintain adequate performance.

Often have spare time. Interruptions or overlap among
activities occur infrequently or not at all,

Very little conscious mental effort or concentration
required. Activity is almost automatic, requiring little
or no attention. :

Moderate stress due to confusion, frustration, or anxiety
noticably adds to workload. Significant compensation is
required to maintain adequate performance.

Often have spare time, Interruptions or overlap among
activities occur infrequently or not at all.

Moderate conscious mental effort or concentration
required. Complexity of activity is moderately high due
to uncertainty, unpredictability, or unfamiliarity.
Considerable attention required.

High to very intense stress due to confusion, frustration,
or anxiety. High to extreme determination and
self-control required.
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Almost never have spare time. Interruptions or overlap '
among activities are very frequent, or occur all the time.
Moderate conscious mental effort or concentration required.
Complexity of activity is mrZ2rvately high due to
uncertainty, unpredictability, or unfamiliarity.
Considerable attention required.
Little confusion, risk, frustration, or anxiety exists and
can be easily accommodated.
Occasionally have spare time. Interruptions or overlap
among activites occur frequently. )
LR
Very little conscious mental effort or concentration L
required. Activity is almost automatic, requiring little )
or no attention,
High to very intense stress due to confusion, frustrafion,
or anxiety. High to extreme determination and
self-control required.
Occasionally have spare time. Interruptions or overlap
among activites occur frequently.
Moderate conscious mental effort or concentration required.
Complexity of activity is moderately high due to
uncertainty, unpredictability, or unfamiliarity.
Considerable attention required.
o
High to very intense stress due to confusion, frustration, ::.,

or anxiety. High to extreme determination and
self-control required.
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Occdsionally have spare time., Interruptions or overlap
among activites occur frequently.

Moderate conscious mental effort or concentration required.
Complexity of activity is moderately high due to
uncertainty, unpredictability, or unfamiliarity.
Considerable attention required.

Little confusion, risk, frustration, or anxiety exists and
can be easily accommodated.

Often have spare time. Interruptions or overlap among
activities occur infrequently or not at all.

Very little conscious mental effort or concentration

required. Activity is almost automatic, requiring little
or no attention.

High to very intense stress due to confusion, frustration,
or anxiety. High to extreme determination and
self-control required.

Often have spare time. Interruptions or overlap among
activities occur infrequently or not at all.

Extensive mental effort and concentration are necessary.
Very complex activity requiring total attention.

Little confusion, risk, frustration, or anxiety exists and
can be easily accommodated.
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Often have spare time. Interruptions or overlap among
activities occur infrequently or not at all.

Extensive mental effort and concentration are necessary.
Very complex activity requiring total attention.

Moderate stress due to confusion, frustration, or anxiety
noticably adds to workload. Signlflcant compensation is
required to maintain adequate performance.

Almost never have spare time. 1Interruptions or overlap
among activities are very frequent, or occur all the time.

Extensive mental effort and concentration are necessary.
Very complex activity requiring total attention,

Moderate stress due to confusion, frustration, or anxiety
noticably adds to workload. Significant compensation is
required to maintain adequate performance.

Occasionally have spare time. Interruptions or overlap
among activites occur frequently.

Very little conscious mental effort or concentration
required. Activity is almost automatic, requiring little
or no attention,

Little confusion, risk, frustration, or anxiety exists and
can be easily accommodated.
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Almost never have spare time. Interruptions or overlap
among activities are very frequent, or occur all the time.

Very little conscious mental effort or concentration
required. Activity is almost automatic, requiring little
or no attention.

Moderate stress due to confusion, frustration, or anxiety
noticably adds to workload. Significant compensation is
required to maintain adequate performance.

Occasionally have spare time. Interruptions or overlap
among activites occur frequently.

Moderate conscious mental effort or concentration required.
Complexity of activity is moderately high due to
uncertainty, unpredictability, or unfamiliarity.
Considerable attention required.

Moderate stress due to confusion, frustration, or anxiety
noticably adds to workload. Significant compensation is
required

to maintain adequate performance.

Occasionally have spare time. Interruptions or overlap
among activites occur frequently,.

Extensive mental effort and concentration are necessary.
Very complex activity requiring total attention.

High to very intense stress due to confusion, frustration,
or anxiety. High to extreme determination and
self-control required.
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Often have spare time. Interruptions or overlap among
activities occur infrequently or not at all. -

Extensive mental effort and concentration are necessary.
Very complex activity requiring total attention.

High to very intense stress due to confusion, frustraticn,
or anxiety. High to extreme determination and
self-control required.

Often have spare time, Interruptions or overlap among
activities occur infrequently or not at all. -

Very little conscious mental effort or concentration
required, Activity is almost automatic, requiring little
or no attention.

Little confusion, risk, frustration, or anxiety exists and
can be easily accommodated.

Almost never have spare time. Interruptions or overlap
among activities are very frequent, or occur all the time.

Moderate conscious mental effort or concentration required.
Complexity of activity is moderately high due to

uncertainty, unpredictability, or unfamiliarity.

Considerable attention required. .

High to very intense stress due to confusion, frustration,
or anxiety. High to extreme determination and
self-control required.
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.
) gxb Often have spare time. Interruptions or overlap among
b T activities occur infrequently or not at all.
) Moderate conscicus mental effort or concentration required.
¢ Complexity of activity is moderately high due to
‘ uncertainty, unpredictability, or unfamiliarity.
A Considerable attention required.
N Moderate stress due .to confusion, frustration, or anxiety
N noticably adds to workload. Significant compensation is
- required to maintain adequate performance.
-
"
1.4K9
e
b
\.‘
N Occasionally have spare time. Interruptions or overlap
- i,. among activites occur frequently.
L
n o Extensive mental effort and concentration are necessary.
- Very complex activity requiring total attention.
3 Little confusion, risk, frustration, or anxiety exists and
o) can be easily accommodated.
\
N
it
P
"
v
2
L 4
3
?j Almost never have spare time. Interruptions or overlap
N among activities are very frequent, or occur all the time.
) Extensive mental effort and concentration are necessary.
Very complex activity requiring total attention.
RN
f ﬁz& Little confusion, risk, frustration, or anxiety exists and
- can be easily accommodated.
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Occasionally have spare time. Interruptions or overlap
among activites occur frequently. :
~
Very little conscious mental effort or concentration
required. Activity is almost automatic, requiring little
or no attention, ~
Moderate stress due to confusion, frustration, or anxiety S~
noticably adds to workload. Significant compensation is -
required to maintain adequate performance. :
N
o
.
Almost never have spare time. Interruptions or overlap Y
among activities are very frequent, or occur all the time.
Very little conscious mental effort or concentration o X
required. Activity is almost automatic, requiring little -
or no attention,. )
Little confusion, ris%, frustration, or anxiety exists and ]
can be easily accommodated. 7
Py
A
-
-,
-
(J
R
)
Almost never have spare time. Interruptions or overlap i
among activities are very frequent, or occur all the time. o
Extensive mental effort and concentration are necessary. -
Very complex activity requiring total attention. >}
®
High to very intense stress due to confusion, frustration, .jzx <
or anxiety. High to extreme determination and et
self-control required. -3
RY




Almost never have spare time, Interruptions or overlap
among activities are very frequent, or occur all the time.

Very little conscious mental effort or concentration
required. Activity is almost automatic, requiring little
or no attention,

High to very intense stress due to confusion, frustration,
or anxiety. High to extreme determination and
self-control required.

Occasionally have spare time. Interruptions or overlap
among activites occur frequently.

Extensive mental effort and concentration are necessary.
Very complex activity requiring total attention.

Moderate stress due to confusion, frustration, or anxiety
noticably adds to workload. Significant compensation is
required to maintain adequate performance,

Often have spare time. Interruptions or overlap among
activities occur infrequently or not at all.

Moderate conscious mental effort or concentration ,
: required. Complexity of activity is moderately high due i
) to uncertainty, unpredictability, or unfamiliarity. '
Considerable attention required.

MR Little confusion, risk, frustration, or anxiety exists and
can be easily accommodated.
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Thisg agpenrndix describes the procedures for irputting and
analycing ZWAT sczle development data. The precgrzn is
interactive and the user menus or screens are designed c©o3
helpg guide ycu through the analysis process. The interfzce
has beaen designed for ease o use and should Ffacilizate data
anzlysis As an additicnal aid the <(ESC>» key has be=n
crogrz2mned 22 be the user's "panic button” At znrnytime while
wIiu ozre werking with the SWAT program that you become
ccnfusaed or lcet in the zanalysis, you can press oh CEEC> key
and return Yo the nmein menu end 211 date will ke rezaireld Ly -
’ e
“he grogranm. Iin this way you can always get back to a2 place
whare yvou Know vycur way out end aveoild losing date.
This zggendix is crgearized for 2 compiete descrigzsicon of
each C©f the gcreens with which the user will interzct
s
Firgt, =z cample screen Wwill be presented for reference, 2nd
“her tThe zcoreer functicnes wil be describad, T2 the Zdegrae
fogelitle, the crider cf srecutizn for a2 routine anrzlvgis will
e f2llzwel we Wwill deviate frcm chie grectice cnly tcC
ccempletely cdegcrite 2ll cof the cpticns presented ¢cn a given
screern Cutput infcrmeticn resulting frcm this z2nalysis
irclucdes groetoty correlaticns., axicm test resulte, a2nd the
cornicirnt gceling solutizr N
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MAIN MENU

As can be seen in Figure
functions. The first is to a

name, 2nd a2dditicnz! comments
second functien i
later

tc identifyv <he data se

select the progran

When you

the file the progranm uses when

69

({4

this screen has

he
[\

hil

"

diegk. The file name should be di
cr gome veriant cf the szTudy nane
analysis you may do wizhin a study
to retrieve a data file for scmet®
must ke exactly correct. For exe
2 previous data file <o nodify it
subjects.

Upon entering a new fi.e nam
which 1g described rext. will. acz
of 2an existing file:

a. You will be askes %o v
data from a previcus file This
accidently writing cver an exignir

b. The scresn wi.! chargs

s

i3 )

“hree main

ent from the study name
zllow £2or multiple

0}
ba

1f vou want

the f£file neme you use
. YCuU mey wart to access
eddirg 223iticoneal
e ZJdace entr sIreern,

If wvoL o gsxleTt 2 name
v oThat Tu ~igh Yo ouze
gzfag.arvi T frevern-
2tz Fils
EFIw The updeted Serelan
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of the Main Menu screen including

entered by you as depicted in Figure 2

choose one of the follcwing options

specific coptions described below:

OPTIONSE

1. Edit comments-

change any or 211 of the

2. Data

ry screen to add, subtract,

3. Program setup-—-

takes ycu to the program setup

options that

“

to Y

H

permit you speci

perforned. See the descripticn cf

more d
DAT2
selection of "Data Entry”
enter

a new file nane,

3 wil:l

be displa
previcuely entered cn the main menu
and

e created.

N %y .- oA s
oy S 'i."i’\!' N \1' e ‘.‘. ” Lot
N v,

<he’

comments on the

entry—- This option

screen

The number o

sufficient space

x %
‘.l ,l’
. [}

[

information Jjust

You will be asked to

<.

to direct the grogrem to

This cption

first screen.

takes you to the
or otherwise modify data.

Selection of

this option

where vou will select

the analvsis you want

‘e,

Program setup screen for

on the main menu scéteen or

2 formatted screen as

.

-

ved ha

£ subjects that was

-

-

will be displayed at he

for deta for tris
The

fcllowin ocpticons
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Enter Data

1. I1f you select

autcmatically moves to the position for subject #1,

1 and data may be entered.

by thieg subject

move to subject 82,

assigned by =11

autcmaetically goes tc the pesiti

#1.

should ke entere
The prcgranm

subjects fcr ceard 1}

The rank assigned to

d and

is set up
1-1-1 bef
on for card

In this manner the program will step through all

cards for the specified number of subjects.

overrid this

1]

»*
<

the datza entry sc

used.

-
193

it eesier c

through the cdata.

cequence and move the cursor to any position

een in the manner that any screen editcr

this opticon the cursor

card 1-1-

card 1-1-1

then the curscr will

tc accept the renk
ore the curscr
1-1-2

for subject

27
You m2y manually
on

is

3
-

Every third row on this screen is highlighted to make
keep track of where you are z2s ycu scroll

As you reach the end of the displayed

data, the screen will screll to the next peositicn to allow
cerncinuagticon of date entry. You may alsc use the a2rrcocw Keys
Tc scrzll to 2ry geogiticn o this gcreen.

2. Save Data - When you select %his cpticn the program saves

-

the datza currently cn the dasta e
hard disk file with the nenme
main menu Screen. Wheri the da*%z
changes te theat cf Figure 4 and
follcwing opticns:

a. FPrint Jata - This zl.c
of the input destes set for easy r
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1.0 1,00,

You previcusly

nLtry s

reen

are saved,

the progran
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efererce
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hard copy

the entire
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data table cannct £fit cn the screen at one time. this may be

a more desirable way to proof a2nd edit your input data.

b. Edit data - This opticon allows you to position the
cursor 2t any pgpoint on the data entry screen and make changes
to the data.

c. Program setup - This option directs the progranm to
proceed to the next screen in order to continue the normal

analysis process.

3. Edit data - If you ere working with a data set which was

previcusly entered, this function allews you te return to the

data entry tazble and make changes to the dafa. Use the arrow R
keys to move the curscor to the 2ppropriate position so that

desir

m
10
ig
14
I

you mey mske th d changes. Presging <Return: or using

e
li¢
w
H
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<
o
t

o move the curger to the next position will

@
3
ct
1]
8]
cr
33
D
L
W
(el
o
b

intec the computer’'s memory.

4q. Escape - This option takes you back to the Main Menu =zand

0]
[
mn
b
-
<

allcws yvyou to leave the program, help you get

'3
m
Q
o]

iented if you were lcst or confused, or meke changes in

e ens. When this cpticn is chosen, there wili. be =

o
"y
.

e
i
'y
]

cr

D

pFromet to 2sk whether you want to save any data entered cn
the screen tc a diskette file.

REMEMEER, Zate ¢ saved ONLY through the SAVE

o
=
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¥
"
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or sav:ng auring an ESCAPE. -~
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PROGRAM SETUP SCREEN:

This screen is presented in Figure 5 and gives you

options for the types of analyses to be performed. Enter the
numnber(s) of the analyses which yocu want performed. There

are three mzin analyses:

1. Prototype correlaticns and Kendall's Coefficient of
Concordance

2. Axiom Testing

3. Scaling Solution

1. The Prototype Ccorreletions analysis cerforms a Spearman’s
rank order correlaticn on each ¢of the subject’'s rank order
data with the six possible "perfect” rankings. The pattern
of correlationes indicates the importance 2 subiect places on
the three dimensions of the SWAT definiticn of werkleed. The
Kendall’s Coefficient of Concordence is an indewx of the
degree of agreenent among the group of subjects abkout the
order of the 27 cards. A high Kendall's indicates
substantial agreement about the order and therefcore about the

relative importance of the three dimensicns.

z. The Axiom testing section performs the axicom tests for
independernice, jfcint independence., and double cancellation.

hese z2xicms which

cr
s
3]
o]
n
O
12
ct

This is done %o check feor vicla

may invalidate the additive mod cuitakble mcdel

D
)]
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2 eing

(M

to use for the conjoint scaling routine. Cniy 2 summary cf
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the three zxiom test is autcmstically displayed, but th

o

complete history cf results fcr 211 the tests mezy be vi

or printed by selection of the appropriste option.

3. Scaling sclution - Produces the sca.ie valueg that resu
frcm the conjoint scaling routine. These vaiues zre then
used 2s the worrlecad scores in gubgeguent zna.vses f vr=su

£ron the Event Scoring Fhese.
There zre threse methode for herldling <he gcezle developmens
Z2tz2: groug sScluticn, grototygced scluticong, and irndividual

soluticons. The determination of which scluticn is kbest

based or study objectives and the results ¢cf the

O
O
vy
o]
1]
v

ations, Kendzll's Coefficienct., and za2xiom tests.
ncre Jdetailed explznation of interpreting these z2nalyses,.

refer o the =zectiorn entitled "Interpretaticn cf Jutput™.

chceger,, the progranm will ask for specific proteotype gr-oups

and/ocr individual subjects ycu desire to include in the

b
M
C
]
e

a2ralyseis. Thie coption is useful if, for ewxample, vyou wish
run thres gubfocce individually. Their subiect nunber may
sceciliced anc the progrenm will only inciude their anelysis.
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cecify a prototype scluticn 